Abstract. We report results from two Lagrangian surveys off the coast of Oregon, using 16 continuous ship-board sensors to estimate mixed layer net community production (NCP) from 17 diel cycles in biological oxygen saturation (∆O2/Ar) and optically-derived estimates of 18 particulate organic carbon (POC) and phytoplankton carbon (Cph). The first drifter survey, 19 conducted in a nearshore upwelling zone during the development of a microplankton bloom, 20 exhibited significant differences in NCP derived from ∆O2/Ar and POC diel cycles, suggesting 21 the presence of large POC losses from the mixed layer. At this site, we utilized the discrepancy 22 between NCPO2/Ar and NCPPOC, along with additional constraints derived from mixed layer 23 nutrient inventories and surface water excess nitrous oxide (N2O), to estimate particle export, 24 vertical mixing fluxes and DOC production. We estimate that export, vertical mixing and DOC 25 production account for 13-45%, 24-38% and 25-49% of the daily NCP discrepancy, respectively. 26
Mixed layer depth 179 180
Over the course of both drifter deployments, we conducted regular hydrographic casts 181 day-time period, tD, was 13.6 ± 0.14 hours over the two drifter deployments. Daily NCP values 263 were integrated through the mixed layer using the average zmld for each drifter period, as 264 described in Sect. 2.3. 265
Quantification of NCP from diurnal cycles in ∆O2/Ar requires corrections for gas 266 exchange and, potentially, vertical mixing fluxes. For these calculations, we first computed the 267 rate of change in O2/Ar (dO2Bio/dt) using linear regression analysis within successive daytime 268 or nighttime intervals. We then derived estimates for the air-sea gas exchange (Jex) and vertical 269 mixing fluxes (Fmix) to isolate the NCP contribution to observed O2/Ar changes (Izett et al., 270 2018; Tortell et al., 2014). Net O2 production rates were converted into carbon units using a 271 photosynthetic quotient for new production (PQ) of 1.4 (Laws, 1991) . weighted piston velocities (kO2 and kN2O) were calculated using the diffusive air sea gas flux and 293
Schmidt number parameterizations of Wanninkhof (2014) and Raymond et al. (2012) , and ship-294 based wind speed data 10 m above the sea surface. Daytime and nighttime estimates for the gas 295 exchange term, Jex, were calculated using day/night average [O2]eq, ∆O2/Ar, and kO2 values. 296
Daytime and nighttime Fmix was calculated using [N2O]bio values averaged over the entire drifter 297 deployment, daytime/nighttime average kN2O values, and a vertical gradient term derived from all 298 of the O2 and N2O profile data for the cruise. At drifter site 2, vertical mixing was considered 299 negligible in the absence of N2O super-saturation in surface waters. 300
We used the approach of (Claustre et al. 
306
Because of significant upwelling at drifter site 1 (Fig. 1) , entrainment of particle-poor seawater 307 from below the mixed layer into the surface could dilute the cp signal used to derive POC 308 concentrations (Stramska and Dickey, 1994) . Applying the constant kmix derived from Eq. (6), 309 the average daily dilution effect on mixed layer POC concentrations through drifter period 1 was 310 additionally quantified and accounted for, as such: 311 In total, three NCPO2/Ar and NCPPOC values were calculated during the drifter 1 319 deployment, from the three pairs of consecutive day and night intervals, starting with the first 320 night interval and ending with the last day interval. We excluded the first day-time interval fromour calculations, due to the erratic salinity values observed during the first day of this drifter 322 deployment (Sect. 3.1; Fig. S2 ). Because the drifter period was terminated prior to sunset, the 323 last day interval was 1.6 hours shorter than the average daytime duration. For the second drifter 324 deployment, two NCPO2/Ar and NCPPOC values were calculated from consecutive day and night 325 intervals, starting with the first daytime interval and ending with the last nighttime interval. The 326 initiation of the drifter period occurred after sunrise, so the first day interval was 1.1 hours 327 shorter than the average daytime duration. 328
We also used a similar approach to estimate a phytoplankton-specific net accumulation 329 rate, substituting Cph for POC in Eq. Examination of surface water hydrographic properties during the two drifter deployments 369 suggest that both drifters tracked a relatively homogenous water mass, excluding a period of 370 increasing salinity during the first day of drifter deployment 1, and several transient temperature 371
and salinity excursions after the second night of this deployment (grey patches in Fig. S2 ). These 372 features indicate potential intrusion of an external water mass, possibly a result of loss of the 373 drifter drogue (Sect. 2.1). Observations during these periods were thus screened out of the data 374 set prior to analysis. Outside of these intervals, variability in salinity (drifter 1: 32.5-32.7 g/kg; 375 drifter 2: 31.8-31.9 g/kg) was small during both drifter deployments. Variability in sea surface 376 temperature was also limited (drifter 1: 11.2-13.0 °C, drifter 2: 17.3-17.7 °C), and largely 377 reflected a diel cycle of warming and cooling, which was particularly evident for drifter period 2. 378
Temporal differences in CTD cast profiles point to some variation in mixed layer depth 379 (zmld) during both drifter deployments. In general, there were no multi-day trends in zmld through 380 both periods, suggesting that transient shifts in water column turbulence likely contributed to 381 changes in the shape of temperature, salinity, dissolved oxygen and fluorescence profiles.
(<25%) and were applied to all subsequent calculations (Sect. 2.3). A sensitivity analysis, not 384
shown, indicated that the choice of mixed layer depth using different criteria (i.e., fluorescence 385 profiles, density profiles and the density difference criterion) and different time scales of 386 integration (i.e., daytime/nighttime, 24 hour, and multi-day) did not significantly impact the 387 results discussed below. 388
Average mixed layer nutrient concentrations fluctuated during both drifter deployments, 389 but did not exhibit regular diurnal cycles ( Several lines of evidence suggest that the phytoplankton assemblage at drifter site 1 was 419 enriched in large-celled phytoplankton, as compared to drifter site 2. The wavelength-dependent 420 slope of particulate backscatter (bbp) was lower at site 1 (range: 1.4 to 1.6, median: 1.5) than at 421 site 2 (1.9-2.3, median = 2.1) (Fig. 2d ), indicating proportionally larger particle sizes ( (Fig. 4) Taking an upper bound of 40% of NCP as DOC production yields a daily-integrated DOC flux of 552 41 to 68 mmol C m -2 d -1 (Fig. 4) two 24-hour periods (Fig. 4) . Differences between NCPO2/Ar and net Cph accumulation were 574 similar, ranging from 27-29 mmol C m -2 d -1 . This difference could be greater if we overestimated 575 our assumption of a photosynthetic quotient of 1.4, which was based on new production rather 576 than regenerated production (see error bars in Fig. 4) (Fig. 3e) , it is unlikely that changes in particle size and bulk refractive index would 658 have significantly shifted the relationship between POC and cp660 during drifter deployment 2. 659
As concentrations of POC at drifter station 1 were 25% higher than the empirical limits 660 of the cp-based algorithm in (Graff et al., 2015) , a different POC/cp relationship (i.e., differentslope of the linear fit) could apply. In a limited comparison with discrete POC samples, we found 662 a POC-cp slope that was similar to that of Graff et al. (albeit with a different y intercept) (Fig.  663   S1 ). Nonetheless, we cannot rule out changes in the cp660- 2-3. The value of these potential changes is small (<11%) relative to the differences we observed
We observed a particularly large difference between 14 C-NPP and NCPO2/Ar during the 692 last day of drifter survey 1 (Table 1) . It is unlikely that this difference is caused by changing 693 environmental conditions, like PAR or cloudiness. During the three days of drifter survey 1, 694 daily-integrated shipboard surface PAR observations changed by less than 15% day to day. The disparity between POC and O2-based NCP estimates offers an opportunity to 762 continuously track POC fate in the mixed layer using autonomous ship-board or in situ sensors. 
